Color Doppler flow imaging takes a great value in diagnosing and classifying benign and malignant breast tumors. However, previous computer aided diagnosis (CAD) systems have not analyzed blood flow information. In this paper, we present a new approach to classify benign or malignant masses based on two dimensional (2D) ultrasound plus Color Doppler flow imaging in CAD system. In the proposed method, geometric features, textural features and blood flow features are extracted automatically. The experimental results show that the proposed system can improve true positive (TP) and decrease false positive (FP) detection rates greatly, and it will useful for breast cancer control.
introduction
Breast cancer is the most prevalent cancer among women [1] . Ultrasound examination is non-invasive, painless, real time and safe for the patient [2] . Thus, there is an increased interest in the use of ultrasound in breast cancer diagnosis [3] .
In medical ultrasound image, flow data is usually recorded with B-mode data. Tumor vascularity particularly has played an important role in promoting cancer growth, invasion, and metastasis [4] . Most malignant tumors have copious blood supply. The formation of new blood vessels is the vital for rapid growth of solid malignant tumors. Tumors with volume of 1-2mm 3 or more have to acquire a vascular supply in order to grow [5] . Doppler spectral analysis is a valuable indicator for distinguishing benign and malignant breast neoplasm.
In this paper, Color Doppler flows are employed to differentiate the benign and malignant lesions. A novel breast mass classification system is proposed, whose block diagram is illustrated as Figure 1 .
A detailed description of this paper is organized as follows. In Section 2, the procedure of preprocessing is discussed, which including mass segmentation as described in (Huang et al. 2008 ) [6] , for segmenting the suspicious areas from 2D ultrasonography and blood detection from color Doppler flow imaging. In Section 3, we analysis and extract of three kinds of features: geometric features, textural features and blood flow features. In Section 4, we briefly introduce the procedure of classification using SVM. Finally, the results and the conclusions are summarized in Section 5. 
Preprocessing
Here, we briefly introduce the preprocessing methods used in our CAD system. The preprocessing consists of two stages. The first stage is segmentation of candidate lesions from 2D ultrasonography; and the second one is detection of blood flow information from color Doppler sonography.
The method of breast ultrasound image segmentation is based on homogeneity histogram. Texture and edge features are used to compute homogeneity. Both global and local information is considered, which has not been achieved by previous algorithms. The image is divided into homogeneity subset and the nonhomogeneity subset according to the threshold computed from the maximum entropy principle. The two subsets are segmented separately thereafter. Doppler color flow systems assign a given color to the direction of flow; red is flow toward, and blue is flow away from the transducer, as shown in Fig 3. Therefore it is very easy to detect the blood flow. 
Feature Extraction
A key stage of CAD (computeraided diagnosis) systems is feature analysis and extraction. Many useful features of masses have been employed in previous CAD systems [7] . In this study, we have utilized several blood flow features, which reflect the blood-supplying characteristic of the masses. The typical features by proposed system are listed in table1. In color Doppler, progressively increasing velocities are encoded in varying hues of either red or blue. The more dull the hue, the slower the velocity. The brighter the hue, the faster the relative velocity is. High velocities away from the transducer will appear as lighter shades of blue, and higher velocities toward the transducer will be represented by lighter shades of red, or even yellow. Low velocity flow will be represented by darker shades of these colors. 
Where R is the suspected region of blood flow in CDFI video, and
in the frame k. Generally, the velocity of human artery is below 0.22m/s. So we set a coefficient C. N is the number of frames in one heart period, and t  is delay between two frames.
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Classification
SVM has been shown to provide higher performance than traditional learning machines [8] . In order to overcome the small sample size problem, we choose SVM and use the leave one-out method to evaluate the performance of classification. Validation set targets was used in training and model selection. The final choice of model, including the choice of kernel, use of a bias term, use of weighting in training and model selection and the choice of model selection criterion were all determined by minimizing the leave-one-out balanced error rate.
Results and Discussions
In the experiment, all of the ultrasound images and CDFI videos were acquired with an ultrasonic scanner ATL 3000 unit (GE, VIVID7), using a 7. Table 2 shows the results of this research, and the comparisons with radiologist assessments.
The experimental results show that the proposed CAD system can produce a high accuracy of mass classification. The proposed approach is valuable to radiologists to improve the accuracy of the diagnosis of breast cancer and to reduce the number of unnecessary biopsies. 94.7% In the future, the proposed system needs more test cases to prove its reliability and accuracy.
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